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ABSTRACT

-This study was performed to determine whether
resuscitation with a single bolus of 7.5% NaCl/6%
Dextran 70 (hypertonic saline/dextran, HSD) could
restore renal function following hemorrhage.
Chronically instrumented, conscious pigs (n=6) were
hemorrhaged 28 ml/kg. Mean arterial pressure (MAP) was
reduced from 110 > 4 to 52 )4 mmHg, cardiac output
(CO) fro% 4.2 1) 0.3\to 2. 2 1'.3 L/min, renal blood
flow (RBF) from 238 _ 16 to 57-,)5 ml/min/ kidney,
glomerular filtration rate (GFR) from 22- to 2 ± 1
ml/min/kidney,,and urine flow (V) from 0.70 0.30 to
0.03 i 0.02 ml/min/kidney., A single, 4 ml/kg bolus
injection of HSD increased MAP to 93 ± 7 mmHg, CO to
3.9 ± 0.4 L/min, RBF to 191 ±720 ml/min/kidney, GFR to
22 f 6 ml/min/kidney. These improvements were sustained
for 2 hours with no further treatment. Urine flow
transiently increased to 0.40-± 0.20 ml/min/kidney, but

-then subsided to 0.20 ,±"0.02 ml/min/kidney at 60 min.
Plasma osmolality increased from 275 ± 4 to 282 ± 5
mOsm/kg H20, and plasma sodium Iincreased from 141 ± 3
to 149 ± 5 mEq/L. Recovery following administration of
an equal volume of normal saline (n=5) was
significantly less. Euvolemic animals (n=5) showed no
response in MAP, CO, RBF, or GFR when treated with HSD
although V, osmotic and sodium excretion increased.
These results demonstrate that resuscitation with HSD
following hemorrhage not only restores MAP and CO but
maintains renal function as well. . . .. .
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Resuscitation with a bolus of hypertonic saline/dextran
improves renal function following hemorrhage in
conscious swine -- Sondeen et al.

INTRODUCTION

The mortality rate from severe trauma has
decreased dramatically since the importance of
immediate treatment has been recognized and
implemented(l). However, controversy has arisen
whether rapid transport should be emphasized rather
than attempts at pre-hospital stabilization of
patients: the small amount of isotonic fluid that can
be infused during the average 20-minute travel time is
thought to have minimal therapeutic effect and the
delay may render definitive treatment ineffective
(2,3).

As first shown in the anesthetized dog in 1980,
(4) and later corroborated in many other species
including conscious sheep (5,6) and pigs, (7,8) a bolus
of a small volume (-4 ml/kg) of a hypertonic
hyperoncotic solution (7.5% NaCl with 6% Dextran 70,
HSD) improves arterial pressure, cardiac output, and
survival rates following hemorrhagic shock (4-8). The
efficacy of HSD for resuscitation of humans following
surgery or severe trauma is currently being tested in
clinical trials (9-11). The volume of fluid injected,
about 200 ml, is small enough to be administered easily
during transport (2), and the beneficial effects begin
even before the injection of HSD is completed (12).
Thus, use of HSD in the field may improve the
cardiodynamic status of the patient before definitive
treatment is available.

In a rural or battlefield situation where
immediate transport is not readily available, the
beneficial effects of HSD may be even more important.
Prolonged shock will inevitably result in organ failure
(13-15) and even if hypovolemia is successfully
treated, acute renal failure can ensue several days
later. The mortality rate associated with acute renal
failure remains quite high (15). Therefore, we
conducted the present study to determine whether the
administration of a bolus of HSD following hemorrhage
would restore renal blood flow and function and
maintain it for 2 hours, an interval chosen to simulate
the maximum time it may take for the patients to obtain
definitive care.
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METHODS

Surgical preparation. Twenty-one, immature female
Yorkshire/Duroc swine (J. G. Boswell, Concoran, CA)
weighing 20-25 kg were used. The animals were fasted
24 hours before surgery with water available ad lib.
On the morning of surgery, the pigs were premedicated
with ketamine HC1 (2.2 mg/kg), xylazine HC1 (2.2
mg/kg), and atropine (0.1 mg/kg), anesthetized with
halothane using a snout mask, intubated and maintained
on a mixture of 1% halothane, delivered in N20 and 0
on a ventilator. All surgery was performed using
aseptic techniques.

The spleen was removed via a midline laparotomy.
A catheter was inserted into the splenic vein with its
tip advanced into the portal vein. Then, the left
kidney was approached through the same midline
incision. The ureter was non-occlusively catheterized
through a hole in the ventral wall of the ureter near
its junction with the renal pelvis. A 10-French
pediatric Malecot catheter was passed through the hole
toward the kidney and secured with a purse-string
suture. A snare of PE-160 tubing was placed around the
ureter approximately 2 cm distal to the Malecot
catheter. The ends of the tubing were threaded through
a PE-350 sleeve. An ultrasonic flow probe (6 mm,
Transonic Systems, Inc.) was placed around the renal
artery for measuring renal blood flow. The cable of
the flow probe and distal ends of the catheters were
coiled in the retroperitoneal space adjacent to the
kidney. The peritoneum was closed and the laparotomy
incision was sutured in layers.

The pig was repositioned onto its right side and a
left flank incision was made. A large bore polyvinyl
catheter (0.125 inch, i.d.) was implanted non-
occlusively in the infrarenal aorta for blood
withdrawal and blood pressure monitoring. The Malecot,
vascular catheters, and flow probe cable were
exteriorized to the back and protected with a Velcro
patch. Through a midline incision in the neck, a 5-
French pediatric Swan-Ganz catheter was inserted into
the pulmonary artery via the left jugular vein. This
catheter was used for cardiac output determinations
using the thermodilution method. The end of the
catheter was exteriorized to the back and protected
with a Velcro patch. The catheters were flushed and
subsequently filled with heparin (1000 U/ml) daily to
maintain patency. Keflin (1 g/day) was administered
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on the day of and for three days following surgery to
prevent infection. The animal was allowed to recover 7
to 10 days following surgery before the experiment was
performed.

Experimental Protocol. The pig was fasted 18 h
prior to the experiment with water available ad lib.
On the day of the experiment, the pig was placed in a
modified Pavlov sling. An extension tube was connected
to the ureteral catheter, the snare was tightened to
occlude urine flow distally and urine was allowed to
flow freely into a graduated cylinder. The arterial
catheter, Swan-Ganz catheter and flow probe were
connected to a P23Db pressure transducer (Statham
Gould) and polygraph (Gould), a cardiac output computer
(Gould), and an ultrasonic blood flow meter
(Transonic), respectively.

Sixty minutes were allowed for the animal to
become accustomed to the surroundings before measuring
pTre-hemorrhage creatinine, electrolyte and osmotic
clearance rates. A clearance measurement consisted of
a timed urine collection (20 min) with an arterial
blood sample (12 ml) taken at the midpoint. Following
this baseline period, 28 ml/kg blood was removed
continuously over 44 min in such a fashion to imitate a
hemorrhage from a severed artery. To achieve this,
blood was removed in 7 ml/kg increments, i.e., 7 ml/kg
over 9 min, over 10 min, over 12 min, and over 13 min.
A 12-ml aliquot of the shed blood was collected at the
end of the bleed period or a 12-mi sample was collected
at the same time period in the time control
experiments. At the end of the hemorrhage, and at 15
min, 60 min, and 120 min following treatment, blood
pressure, cardiac output, renal blood flow, and urine
flow rate were measured. Treatment with a 4 ml/kg
bolus of either 0.9% NaCl (normal saline, NS) or 7.5%
NaCl/6% Dextran 70 (HSD) followed the first set of
measurements. There were 4 groups: 1) non-hemorrhaged
control with NS, n=5; 2) non-hemorrhaged control with
HSD, n=5; 3) 28 ml/kg hemorrhage with NS, n=5; 4) 28
ml/kg hemorrhage with HSD, n=6.

After the experiment, the animals were euthanized
with an overdose of barbiturate. A gross necropsy
examination was performed to assess catheter placement
and to ensure no abnormalities were present.

Sample analyses. The blood samples were
heparinized and plasma was removed following
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centrifugation. Concentrations of sodium, potassium,
and creatinine in the plasma and urine samples were
measured using an autoanalyzer (Roche Analytical
Instruments, COBAS FARA Model) with ion specific
electrodes for sodium and potassium and a modified
Jaffe reaction method for creatinine. Plasma and urine
osmolalities were measured with a freezing-point
depression osmometer (Advanced III). Hematocrit was
measured in duplicate by the microcapillary method (IEC
MB Centrifuge).

Calculations. Clearances were calculated for
creatinine, sodium, potassium, and osmolality using the
following formula: Clearancex = (Ux x V)/Px, where Ux. is
the urine concentration of substance x, V is the urine
flow rate (ml/min), and PX is the plasma concentration
of x. Free water clearance was calculated by
subtracting osmotic clearance from urine flow rate.
Creatinine clearance was used to estimate glomerular
filtration rate (GFR). Fractional excretion was
calculated by dividing the clearance of sodium or
potassium by GFR. Renal plasma flow (RPF) was
estimated by dividing the RBF measured with the flow
probe by the calculated plasma fraction [(100-
hematocrit)/100). Filtration fraction was calculated
by dividing the GFR by the RPF.

Statistical analysis. A one-way analysis of
variance was used to determine whether baseline values
were homogeneous among the four groups (16). To
ascertain whether changes occurred with time, a one-way
analysis of variance with repeated measures was
performed for each group (16). To ascertain whether
there was any difference between the treatments with NS
and HSD, a two-way analysis of covariance was performed
with repeated measures on the time factor and non-
repeated measures between the treatment groups (16).
The value at the end of hemorrhage or the appropriate
time in the euvolemic experiments was used as the
covariate. The data in the graphs have been adjusted
for the corresponding (euvolemic or hypovolemic)
covariate. If there was a significant (P S 0.05)
difference between the factors, a Newman-Keuls multiple
range test was performed on the means to locate the
difference (17). The data are presented as means ±SEM.
In several cases, not all measurements were made in
each animal due to catheter or flow probe failure. The
number of animals included for each of the data
analyses are shown on the tables.
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RESULTS

Responses to hemorrhage. The 28 ml/kg hemorrhage
decreased mean arterial pressure (MAP) and cardiac
output (CO) by 53% and 44%, respectively (Table I).
There was no increase in total peripheral resistance
(TPR) immediately following hemorrhage (Table I).
Renal blood flow was reduced by 77% and GFR by 83%,
while renal vascular resistance (RVR) almost doubled
(186%) in response to the 28 ml/kg hemorrhage (Table
I).

The urine flow rate, osmotic and free-water
clearance, and electrolyte excretion responses to the
hemorrhage are shown in Table II. Although there were
strong trends indicating reduced urinary excretory
functions in response to the hemorrhage, in many cases
they did not reach statistical significance. However,
when animals were combined into non-hemorrhagic and
hemorrhagic groups, significant reductions in response
to hemorrhage were detected. Urine flow rate (V)
decreased by 90%, from 0.76 ± 0.25 to 0.08 ± 0.04
ml/min/kidney (P<0.05) and osmotic clearance (C0sm)
decreased by 86%, from 0.43 ± 0.06 to 0.06 ± 0.05
ml/min/kidney (P<0.05). There was no significant
effect on free-water clearance (CH20). Hemorrhage
induced an 85% decrease in Na excretion (UNaV), from 26
± 8 to 4 ± 3 gEq/min/kidney (P<0.05), and a 40%
decrease in K excretion (UKV), from 10 ± 2 to 6 ± 1
gEq/min/kidney (P<0.001). Although part of the
decrease in electrolyte excretion may have been due to
the decrease in GFR, even after accounting for changes
in GFR, a significant (77%) decrease in the fractional
excretion of Na (FENa) remained, from 0.88 ± 0.26 to
0.20 ± 0.09% (P<0.05). The 45% decrease in fractional
excretion of K (FEK), from 9.4 ± 2.9 to 5.2 ± 2.8%, did
not reach statistical significance.

Plasma osmolality (P.) showed a tendency to rise
in response to hemorrhage, with 8 out of 11 animals
increasing their P., following hemorrhage. The P0m
response to hemorrhage was significant in the NS group
(Table III). The change in P0sm was not due to changes
in plasma electrolytes because there were no
significant changes in plasma sodium (PNa)" Plasma
potassium (PK) showed a slight tendency to decrease,
although not significantly. This degree of hemorrhage
caused plasma dilution to reduce hematocrit (Hct) by
23% (Table III).
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No significant changes occurred during the first
44 min of the non-hemorrhage control experiments in any
of the variables measured (Tables I and I), except for
PK which showed a significant decrease in the HSD
control group (Table III).

Responses to resuscitation treatment. During the
first 15 min following the injection of 4 ml/kg of NS,
the hemorrhaged animals showed a rapid MAP increase of
26 mmHg, from 46% of the non-hemorrhaged value to 70%;
pressure gradually continued to increase, reaching 76%
of non-hemorrhaged value at 120 min (Fig. 1). HSD
caused a significantly greater response than NS,
increasing MAP by 43 mmHg to reach a level 83% of the
non-hemorrhaged value (Fig. 1).

Despite the effect NS had on MAP in the
hemorrhaged animal, NS treatment did not affect CO
(Fig. 1). In contrast, administering HSD caused a
dramatic increase in CO from a nadir of 54%, reaching
74% of the non-hemorrhaged value at 15 min, gradually
increasing to a value not significantly different from
the non-hemorrhaged control at 60 min (Fig. 1). TPR
was significantly lower (31%) in the HSD-treated
animals than in the NS-treated animals after 60 min
(Fig. 1). Treating euvolemic pigs with either NS or
HSD had no significant effect on MAP, CO, or TPR (Fig.
1).

In the hemorrhaged animals, RBF increased from a
nadir of 21% to 36% of the non-hemorrhaged control in
response to the NS treatment (Fig. 2). HSD enhanced
this recovery so that RBF reached 61% of the non-
hemorrhaged value, but RBF was still significantly
below control levels. The RVR was elevated in the
hemorrhaged animals and remained significantly elevated
in the NS-treated group (Fig. 2). In contrast,
treatment with HSD returned RVR to non-hemorrhaged
control levels within 15 min. Although HSD treatment
tended to increase GFR, reaching 88% of the non-
hemorrhaged control after 15 min, the response was not
statistically significant. Following treatment with
NS, GFR was 3% of the non-hemorrhaged control at 15
min, but then tended to increase over the next 2 hours
such that, by 60 min, it was not significantly
different from non-hemorrhaged values (Fig. 2). When
given to euvolemic pigs, treatment with either NS or
HSD had no significant effect on RBF, RVR, or GFR (Fig.
2).
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The urinary excretory responses are shown in
Figures 3 and 4. Urine flow rate did not change
following NS treatment in hemorrhaged animals (Fig. 3).
Treatment with HSD, however, caused a transient, 0.33
ml/min/kidney increase in urine flow rate in the
hemorrhayed animals. In euvolemic animals, NS had no
significant effect on V, but HSD caused a transient,
0.59 ml/min/kidney increase. A total urine volume of
160 ± 84 ml was excreted over the entire experimental
period (189 min) by the euvolemic, HSD-treated animals
compared with 32 ± 9 ml excreted by the hypovolemic,
HSD-treated animals (P<0.01). For comparison, a total
urine volume of 116 ± 76 ml was excreted by the
euvolemic, NS-treated animals compared to 15 ± 5 ml
excreted by the hypovolemic, NS-treated animals
(P<0.05). The volume excreted by the hemorrhaged
animals treated with HSD was significantly (P<0.01)
greater than that excreted by the NS-treated,
hemorrhaged animals.

The changes in C.. were analogous to changes in
urine flow rate (Fig. 3). Thus, Cos, was increased in
response to HSD-treatment in either euvolemic (+2.2 ±
0.1 ml/min/kidney at 15 min) or hypovolemic (+2.8 ± 0.2
ml/min/kidney at 15 min) pigs but not in response to
NS-treatment. There was no significant change in CH20
in response to any of the treatments in either
euvolemia or hypovolemia (Fig. 3). The increase in
osmotic excretion in response to HSD was almost
entirely due to an increase in UsaV (Fig. 4). There
was no significant increase in UKV in response to HSD
in the hemorrhaged animals (Fig. 4, note scale).
Hypovolemia significantly inhibited the natriuretic
response caused by treatment with HSD. UNaV thus
increased by 420 ± 19 gEq/min/kidney in the euvolemic
animals at 15 min but only by 282 ± 20 gEq/min/kidney
in the hypovolemic animals. When corrections for
changes in GFR were made, the pattern of changes in
FEN, and FEK were similar to those shown for UNV and
UKV, but the changes did not reach statistical
significance (data not shown).

Despite large differences in the urinary excretion
of sodium, there were almost identical changes in PNa
in response to HSD treatment in both euvolemic and
hypovolemic animals (Fig. 5). In euvolemic animals,
there was a significant reduction in PK in response to
HSD at 15 min and a tendency for PK to decrease in
response to NS (Fig. 5). In hypovolemic animals,
treatment with either NS or HSD caused very similar and
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significant decreases in P (Fig. 5) at 15 min. The
hematocrit was significantly lower in the hemorrhaged
animals compared to the euvolemic animals, but there
were no significant differences between NS and HSD
treatments in the hypovolemic animals (Fig. 5).

DISCUSSION

This study provides evidence that not only does a
single, 4 ml/kg bolus of HSD improve MAP and CO in
response to hemorrhage (Fig. 1), but it also preserves
kidney function. In the present experiment, HSD
increased RBF to 61% and GFR to 88% of the non-
hemorrhaged control values. These increases were
sustained for the full 2 hours of observation with no
further treatment (Fig. 2).

These results confirm earlier studies showing RBF
increases in response to resuscitation with a bolus of
HSD following hemorrhage, although RBF does not
completely return to baseline values (8) (Fig. 2).
Other studies using infusions of larger volumes of less
concentrated hypertonic saline have also shown that GFR
is restored (18,19). However, the present study is the
first study to demonstrate that a single injection of a
small volume of HSD can restore and maintain GFR (Fig.
2).

Treatment with HSD produced transient increases in
urine flow and electrolyte/osmotic excretion (Fig. 2
and 3) but the rates were not so excessive that they
would lead to dehydration: a total volume of 32
ml/kidney or an estimated 0.2% of total body water
(-1.2% of extra-cellular water) was excreted over 2
hours. The magnitude of the peak urine flow in
hypovolemic pigs in response to a bolus of HSD was less
than that observed in hypovolemic sheep (6).
Differences in the magnitude of the response may be due
to species dissimilarities or to experimental protocol;
the sheep were maintained at 50 mmHg for 3 hours
compared with about 20 min for the pigs used in the
present study. In other experiments measuring the
renal excretory function in response to an infusion of
hypertonic saline of lower concentration (1.8%) and
administering NS until a specific physiological effect
was achieved (restoration of central venous pressure),
neither pigs (18) nor humans (19-21) responded with an
excessive diuresis which would exacerbate hypovolemia.
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Although it is well-known that infusions of
hypertonic salt solutions induce a diuresis and a
natriuresis - this occurred in both the control as well
as the hemorrhage experiments (Figures 3 and 4) - the
urine flow and osmotic/electrolyte excretion rates were
significantly reduced during hemorrhage. Hemorrhage
causes increases in vasopressin, aldosterone,
angiotensin II, and the catecholamines, all known to
decrease water and sodium excretion (22). HSD
treatment causes these hormones to return toward
baseline levels (6). The reduction in renal vascular
resistance and the increase in sodium excretion could
be due to the decrements in these neurohumoral
substances. Part of the increase in osmotic clearance
observed following HSD treatment could also be due to
an increase in urinary dextran. Dubick et al. (23)
showed that urinary excretion of dextrans with
molecular weight greater than 50,000 was increased
following hemorrhage after treatment with HSD.

The use of hypertonic solutions has been shown
effective for the treatment of hypovolemia resulting
from burns (24), hemorrhage (4-8,12,18), trauma (9,10),
and surgery (19-21). To achieve comparable
improvements in arterial or central venous pressure,
solutions with concentrations of 1.8%, 3%, and 7.5%
NaCl or 6% Dextran 70 have universally required less
volume for resuscitation when compared to the
traditional isotonic lactated Ringer's solution (6,18-
21,25,26). Other advantages associated with the use of
hypertonic solutions include decreases in intracranial
pressure and cerebral edema (18,25-27), a decrease in
the drainage volume of chest fluid following heart
surgery (21), faster restoration of intestinal function
(19), and less edema (18,28,29). HSD is thought to
have its beneficial cardiovascular effects by a direct
inotropic effect on the heart, dilation of the veins
and arteries to increase venous return, and increase in
plasma volume by transfer from the intracellular to the
intravascular fluid compartment (12). Hypertonicity
may directly stimulate pulmonary receptors to elicit a
neural reflex, possibly explaining the dramatic effects
on MAP which occur even before significant changes in
plasma volume (30). Hypertonic solutions also may
decrease vascular resistance and improve intestinal
function by a direct effect to decrease endothelial
cell swelling (28).

In conclusion, in situations with logistical
constraints that limit the transport and use of large
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amounts of intravenous fluids, or with unavoidable
delays in transport to a definitive treatment facility,
the small volume of HSD may provide an important tool
in effectively treating hemorrhage and trauma victims.
In both human and animal studies, no adverse effects
have been observed from administering the small volume
dose of HSD (6-11, 23). However, the present and
previous studies have shown that a single bolus of HSD
can dramatically improve blood pressure, cardiac output
and restore and maintain renal function following
hemorrhage and trauma.
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TABLE L Systemic and renal hemodynamic responses to hemorrhage.

GROUP N BASELINE PRE-TREATMENT

Mean Arterial Pressure
(mmHg)

Non-hemorrhage NS 5 110 * 3 111 * 2
HSD 4 113 5 112 * 6

Hemorrhage NS 5 111 * 4 53 * 3*+
HSD 6 110 * 4 52 * 4*+

Cardiac Output
( Lmin)

Non-hemorrhage NS 5 5.5 a 0.8 4.5 a 0.6
HSD 5 4.3 0.1 4.8 * 0.5

Hemorrhage NS 6 4.6 a 0.4 2.9 a 0.3*
HSD 6 4.2 0.3 2.2 * 0.3*+

Total Peripheral Resistance
(PRUT)

Non-hemorrhage NS 5 22 * 4 27 * 3
HSD 4 27 * 1 25 * 5

Hemorrhage NS 5 25 * 2 20 * 4*
HSD 6 27 * 2 26 * 4

Renal Blood Flow
(=:.Ymin/kidney)

Non-hemorrhage NS 5 269 * 54 289 a 54
HSD 5 256 41 257 * 47

Hemorrhage NS 4 213 a 24+ 69 * 13*+
HSD 5 238 * 16 57 * 5*+

Renal Vascular Resistance
(PRU/kidney)

Non-hemorrhage NS 5 0.48 a 0.09 0.45 * 0.08
HSD 4 0.52 0.20 0.54 * 0.11

Hemorrhage NS 4 0.57 * 0.09 1.00 a 0.19*+
HSD 5 0.47 * 0.02 0.89 a 0.08*+

Glomemrlar Filtration Rate
(mi/min/kidney)

Non-hemorrhage NS 5 29 a 5 26 a 4
HSD 5 24*3 30 * 6

Hemorrhage NS 6 28 * 5 7 * 6*+

HSD 6 22*4 2 * 1"+

*P<0.05 different from pro-hemorrhage baseline value.

+P<O.05 different from same time point in non-hemorrhage control experiment.

The data for the normal saline (NS) and hypertonic saline/dextran (HSD)

groups is arranged according to the treatment the animals will receive

immediately following the pro-treatment measurement.
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TABLE IL Urinary excretory responses to hemorrhage.

GROUP N BASELINE PRE-TREATMENT

Urine Flow Rate
(ml/min/kidney)

Non-hemorrhage NS 5 0.68 * 0.18 0.98 * 0.49
HSD 5 0.65 * 0.17 0.85 * 0.34

Hemorrhage NS 5 0.87 a 0.42 0.13 a 0.08

HSD 6 0.67 a 0.29 0.03 a 0.02+

Osmotic Clearance
(mi/min/kidney)

Non-hemorrhage NS 5 0.33 a 0.08 0.46 * 0.21
HSD 5 0.53 a 0.10 0.79 a 0.24

Hemorrhage NS 4 0.39 a 0.05 0.16 a 0.13
HSD 6 0.45 a 0.10 0.00 a 0.00"+

Free-water Clearance
(ml/min/kidney)

Non-hemorrhage NS 5 0.36 a 0.12 0.52 a 0.30
HSD 5 0.12 * 0.14 0.06 * 0.12

Hemorrhage NS 4 0.01 a 0.04 -0.01 a 0.02
HSD 6 0.21 a 0.22 0.02 a 0.01

Sodium Excretion Rate
(pEq/min/kidney)

Non-hemorrhage NS 5 24 * 8 42 * 25
HSD 5 29 * 12 38 * 21

Hemorrhage NS 4 23 a 6 8 * 7+
HSD 6 28 * 13 1 * 1

Potamium Excretion Rate
(pEq/min/kidney)

Non-hemorrhage NS 5 11.0 a 5.0 14.4 a 4.6
HSD 5 21.5 a 6.6 26.0 a 9.3

Hemorrhage NS 4 12.2 a 4.9 2.2 a 1.3
HSD 6 8.8 * 2.3 0.6 * 0.4+

Fractional Excretion of Sodium
(%/kidney)

Non-hemorrhage NS 5 0.65 a 0.21 1.00 a 0.41
HSD 5 0.89 a 0.40 0.97 a 0.45

Hemorrhage NS 4 0.67 a 0.13 0.30 a 0.18
HSD 6 1.02 a 0.43 0.14 a 0.11

Fractional Excretion of Potassium
(%/kidney)

Non-hemorrhage NS 5 7.7 a 2.9 12.4 a 3.3
HSD 5 18.6 a 5.3 16.4 a 3.0

Hemorrhage NS 4 12.0 a 5.6 7.0 a 5.8
HSD 6 7.7 a 3.2 4.0 a 3.0+

See Table I for key.
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TABLE M. Plasma osmolality, plasma electrolyte, and hematocrit responses to hemorrhage.

GROUP N BASELINE PRE-TREATMENT

Plasma Osmolality
(mOsnVkg H20)

Non-hemorrhage NS 5 274 a 4 276 * 4
HSD 5 279 * 8 278 * 6

Hemorrhage NS 5 282 * 2+ 288 * 2*+
HSD 6 273 * 4 275 * 4

Plasma Sodium
(mEo/L)

Non-hemorrhage NS 5 139.9 a 4.4 139.4 a 4.5
HSD 5 138.9 3.6 140.3 * 4.0

Hemorrhage NS 5 139.1 a 3.2 140.4 a 3.5
HSD 6 139.7 a 2.2 140.8 a 2.8

Plasma Potassium
(=Eq/L)

Non-hemorrhage NS 5 4.64 a 0.49 4.66 a 0.39
HBD 5 5.12 * 0.31 4.70 a 0.24*

Hemorrhage NS 5 4.62 a 0.14 4.48 a 0.09
HSD 6 4.87 a 0.21 4.57 a 0.22

Hematocrit
(%RBC)

Non-hemorrhage NS 5 29 a 1 28 a 2
HSD 5 30 * 2 29 * 2

Hemorrhage NB 5 31 a 1+ 25 a I*+

HBD 6 30* 1 22 * 20+

See Table 1 for key.
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* P < 0.05 difference between NS and HSD treatment.

* P < 0.05 difference between hemorrhage and non-hemorrhaged
control value at the same time point.

Figure 1: Mean arterial pressure (MAP), cardiac output (CO), and
total peripheral resistance (TPR) in response to a 4 ml/kg bolus of
normal saline (NS) or hypertonic saline/dextran (HSD). The
ilmmediately-post-hemorrhage value or the corresponding non-hemorrhaged
:.ntrol value was averaged over the NS and HSD groups. Selected error

bar s have been omitted for clarity.
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Figure 2: Renal blood flow (RBF), renal vascular resistance
(RVR), and glomerular flow rate (GFR) in response to a 4 ml/kg
bolus of normal saline (NS) or hypertonic saline/dextran (HSD).
See legend in Figure 1 for details.
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Figure 3: Urine flow rate (V), osmolal clearance (C0sm), and
free-water clearance (CH2O) in response to a 4 mi/kg bolus of
normal saline (NS) or hypertonic saline/dextran (HSD).
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Figure 4: Sodium excretion rate (UNGV) and potassium excretion
rate (UKV) in response to a 4 ml/kg bolus of normal saline (NS)
or hypertonic saline/dextran (HSD).
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Figure 5: Plasma sodium concentration (PNa)' plasma potassium
concentration (PK), and hematocrit in response to a 4 ml/kg bolus
of normal saline (NS) or hypertonic saline/dextran (HSD).
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